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(57) Abstract 

A method for treating an individual with 
diseased prostatic tissue, such as benign pro- 
static hyperplasia, includes inserting a catheter 
(28) into a urethra (10) to position a microwave 
antenna (74) located within the catheter (28) ad- 
jacent a prostatic region of the urethra (10). A 
microwave antenna (74) is then driven within 
a power range for applying microwave en- 
ergy substantially continuously to prostatic tis- 
sue (96) to heat the prostatic tissue (96) sur- 
rounding the microwave antenna (74) at a tem- 
perature and for a time period sufficient to cause 
necrosis of the prostatic tissue (96). 
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METHOD FOR TREATING BENIGN 
PROSTATIC HYPERPLASIA WITH THERMAL THERAPY 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the field of 

5 microwave thermal therapy of tissue. In particular, the present invention 

relates to a method for treating benign prostatic hyperplasia (BPH) and 

other prostatic tissue diseases with transurethral thermal ablation therapy. 

The prostate gland is a complex, chestnut*shaped organ which 

encircles the urethra immediately below the bladder. This relatively small 

10 organ, which is the most frequently diseased of all internal organs, is the site 
of a common affliction among older men, benign prostatic hyperplasia 
(BPH), as well as a more serious affliction, cancer. BPH is a nonmalignant, 
bilateral nodular tumorous expansion of prostate tissue occurring mainly in 
the transition zone of the prostate. Left untreated, BPH causes obstruction 

IS of the urethra which usually results in increased urinary frequency, urgency, 
incontinence, nocturia and slow or interrupted urinary stream. BPH may 
also result in more severe complications, such as urinary tract infection, 
acute urinary retention, hydronephrosis and uraemia. 

A fairly recent treatment method for BPH involves microwave 

20 thermal therapy, in which microwave energy is employed to elevate the 
temperature of tissue surrounding the prostatic urethra above about 4S*'C, 
thereby thermally damaging the tumorous BPH tissue. Delivery of 
microwave energy to tumorous prostatic tissue is generally accomplished by 
a microwave anterma-containing applicator, which is positioned within a 

25 body cavity adjacent the prostate gland. The microwave anteima, when 
energized, heats adjacent tissue due to molecular excitation and generates 
a cylindrically symmetrical radiation pattern which encompasses and 
necroses the tumorous prostatic tissue. The necrosed intraprostatic tissue 
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is subsequently reabsorbed by the body, thereby relieving an individual from 
the symptoms of BPH. 

One type of thermal therapy treatment of BPH is transurethral 
microwave thermal therapy. This method of treatment positions a Foley- 
S type catheter containing a microwave antenna within the urethra adjacent 
to the prostate gland to place the microwave antenna immediately adjacent 
the transition zone of the prostate. Intraurethral applicators of the type 
described can be found in Turner et al. U.S. Patent 4,967,765 and Hascoet 
et al. European Patent Application 89403199.6. 

10 However, a method of microwave thermal therapy based on 

the method and apparatus disclosed in Hascoet et al. European Patent 
Application 89403199.6 does not cause necrosis of the prostatic tissue at 
sufficient distances away from the urethra and with sufficient uniformity to 
necrose a complete volume of tumorous tissue ^ically present in the 

IS prostates of BPH patients. One reason for this poor performance resulting 
in shallow necrosis of the prostatic tissue surrounding the lu-ethra is the 
method used to apply heat to the prostate. In particular, microwave energy 
is applied to the prostate at increasing power levels until a rectal 
temperature reaches 42.5X or the power applied is 60 watts. If the rectal 

20 temperature reaches 42.5°C, then microwave energy emission is completely 
stopped. Once the rectal temperature falls below 42^*0, the application of 
microwave energy is resumed at a power level of five watts less than the 
power level applied before stopping the application of microwave energy. 
This method of applying microwave energy to the prostate is reported in 

25 Devonec et al., Clinical Re sponse to Transurethral Microwave 
Thermntherapv Is Thermal Dnse Dependent. 23 Journal of European 
Urology 267-274, 1993, and related papers by the same authors. 

While the just described method causes some limited necrosis 
of prostatic tissue, the desired total volume of prostatic tissue is not necrosed 
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at a siifficient depth or with sufficient uniformity to satisfactorily treat BPH. 
One problem with this method is that microwave power application is 
stopped for one to four minutes every time the rectal temperature exceeds 
AIS'C to wait for the rectal temperature to fall below 42''C Each time this 
5 power interruption occurs, the intraprostatic temperatures generated by the 
transurethral catheter fall precipitously from a necrosing temperature level 
(from as high as %XfC) down to a nonnecrosing level, about 4(f Q within as 
little as two to three minutes. This phenomenon has been described in 
Larson et al., The Precipitous Fall of Intraprostatic Temperatures When 

10 Microwave P ower is Stopped in Transurethral Thermal Therapy, 23rd 
Congress of Societe Internationale D'Urologie, Sydney, Australia, September 
18-22, 1994. This phenomenon was demonstrated by using a catheter 
(substantially corresponding to catheter 28 of the Rudie et al. U.S. Patent 
5,413,588) to produce both low level and high level (e.g., 80°C) necrosing 

15 temperatures within intraprostatic tissue and then observing the amount of 
time required for the tissue temperature to fall to a nonnecrosing 
temperature (e.g., about 40°C) upon discontinuing (i.e., completely stopping) 
the application of microwave energy to the intraprostatic tissue. 

This phenomenon is believed to result from a hypervascularity 

20 response of the heated intraprostatic tissue. In particular, when the tissue 
is heated by applying microwave energy, blood vessels within the tissue dilate 
to carry more heat away via increased blood flow and increased blood 
volume. This dynamic vascular response is an attempt by the tissue to 
dissipate the heat being generated in the tissue by the microwave energy. 

25 However, within certain distances, the vascular system of the tissue is 
overwhelmed by the microwave energy and cannot dissipate heat fast enough 
to overcome the heat generated in the tissue. This situation remains 
unchanged as long as the application of microwave energy is maintained at 
sufficient levels in the tissue. However, when the application of miaowave 
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energy is substantially interrupted (e.g., stopped to allow rectal temperatures 
to fall), the microwave energy no longer overwhelms the ability of the 
vascular system to dissipate the heat within the tissue. Instead, in the 
absence of microwave energy, the heated tissue, in its hypervascular state, 
5 successfully acts as a heat sink to quickly dissipate the remaining heat in the 
tissue. This produces the rapid fall of intraprostatic tissue temperatures 
when the application of microwave energy is stopped. 

Accordingly, substantial power interruptions in the application 
of microwave energy prevent the prostate from being heated continuously 

10 at necrosing temperatures during a one hour therapy session. Moreover, 
with each of these interruptions, more power and a longer period of time is 
required to re-heat the prostatic tissue to a necrosing temperature, most 
likely because of the hypervascularity response by the tissue adjacent the 
microwave antenna. Accordingly, this prior art method results in much 

15 lower total application of necrosing heat to the prostate during a one hour 
therapy session due to frequent interruptions of the application of microwave 
energy, which also effectively makes the necrosing portion of therapy session 
less than one hour. Ultimately, a much lower total volume of prostatic 
tissue and a shallower depth of prostatic tissue is necrosed than desired. 

20 This results in fewer BPH patients treated with this prior art method having 
satisfactory outcomes. 

SUMMARY OF THE INVENTION 
The present invention is a method for treating an individual 
with prostatic tissue disease (e.g., benign prostatic hyperplasia) through the 

25 use of transurethral thermal ablation therapy. The present invention 
recognizes that effective treatment of BPH requires substantially continuous 
heating of prostatic tissue above at least 45^C for a time sufiGcient to necrose 
the prostatic tissue. The method of the present invention can yield 
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substantially uniform necrosis of the tissue of the prostate at a distance of 
at least two centimeters from the wall of the urethra, 

A method of the present invention includes two main steps 
including inserting a catheter into a urethra and heating prostatic tissue 
5 while cooling the urethra. In particular, the method includes inserting a 
catheter into a urethra to position a microwave antenna located within the 
catheter adjacent a prostate surrounding the urethra. Tissue within the 
prostate is heated substantially continuously with microwave energy from the 
microwave antenna to temperatures of at least 45^C at a distance of at least 
10 2 centimeters from a wall of the urethra within the tissue while cooling the 
urethra. 

The method of the present invention for treating an individual 
with prostatic tissue disease can further include the following steps. First, 
the urethra can be prechiUed prior to heating tissue within the prostate. 

IS After pre-cooling the urethra, power is applied in increasing levels to the 
microwave antenna until predetermined criteria are met. The 
predetermined criteria are met when at least one of the following conditions 
exist: (1) the catheter temperature reaches a minimum temperature (e.g., 
35°C); (2) a temperature of the rectum reaches a minimum temperature 

20 (e.g., 40°C); and (3) the power applied to the microwave antenna reaches a 
minimum power level (e.g., 35 Watts). 

Next, power applied to the microwave antenna is maintained 
within a range which causes substantially continuous heating of tissue within 
the prostate to a temperature of at least 45^C at a distance of at least 2 

25 centimeters from the urethra while continuing to cool the urethra. The 
power level is maintained within a desired range which maintains a 
temperature of the rectum below 42^C and the catheter temperature within 
rC of 40**C. If the rectal temperature reaches 42'*C, then the power level 
is decreased but not discontinued (i.e., completely stopped). In particular, 
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the power level is decreased in increments of 1 watt per minute until the 
rectal temperature falls below 42°C. Then, the power level is increased in 
increments of one watt per minute until the catheter temperature is within 
rC of 4(f C while still maintaining the rectal temperature below ATC 
5 The method of the present invention permits the application 

of microwave energy at a power level and for a time sufficient to uniformly 
necrose tumorous prostatic tissue while preserving healthy tissue adjacent the 
prostate such as the urethra and the rectum. This technique applies power 
to the prostate to substantially continuously maintain intraprostatic 

10 temperatures within a therapeutic range at temperatures above at least 45''C. 
This method permits necrosing a larger total volume of tumorous prostatic 
tissue than possible with prior art methods since temperatures are 
maintained at necrosing levels substantially continuously throughout the 
therapeutic portion of the method of the present invention. With the 

IS method of the present invention, prostatic tissue can be necrosed at depths 
of at least 2 centimeters, which is generally sufQcient to encompass a 
complete volume of BPH tumorous tissue within a prostate. Necrosing 
prostatic tissue at depths of 2 centimeters with the method of the present 
invention produces a post treatment result substantially similar to surgical 

20 treatment of BPH, in which prostatic tissue is removed at depths of about 
2 centimeters. However, with the method of the present invention, the 
urethra can be preserved. 

Moreover, the microwave energy can be applied in the method 
of the present invention in a preferential heating pattern to radiate more 

25 energy in the anterior and lateral portions of the prostate (where most BPH 
tumorous tissue is located) than in a posterior portion of the prostate. This 
also aids in preserving healthy tissue of the prostate as well as adjacent 
tissues such as the rectum. 

BRIEF DESCRIPnnON OF THE DRAWINns 
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FIG. 1 is a vertical sectional view of a male pelvic region 
showing the urinary organs affected by benign prostatic hyperplasia. 

FIG. 2 is a sectional view of a proximal end of a urethral 
microwave thermal therapy catheter of Rudie et al., U.S. Patent No. 
5 5.413^88. 

FIG. 3 is a sectional view of the catheter of FIG. 2 taken along 

lines 3-3. 

FIG. 4 is an enlarged view of the male pelvic region of FIG. 
I showing a urethral catheter of Rudie et al. U.S. Patent 5,413»S88 
10 positioned within the prostate region. 

FIG. SA is a graph of measured temperature and microwave 
power supplied as a function of time illustrating a microwave thermal 
therapy procedure performed according to the method of the present 
invention. 

15 FIG. 5B is a map illustrating the location of temperature 

sensors placed within the prostate of a patient during the microwave thermal 
therapy procedure shown in FIG. 5A. 

FIGS. 5C-5D are graphs illustrating a temperature distribution, 
as a function of time, generated by a urethral catheter in the method of the 

20 present invention. 

FIG. 6A is a graph of measured temperature and microwave 
power supplied as a function of time illustrating a microwave thermal 
therapy procedure performed according to the method of the present 
invention. 

25 FIG. 6B is a map illustrating the location of temperature 

sensors placed within the prostate of a patient during the microwave thermal 
therapy procedure shown in FIG. 6A. 
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FIGS. 6C-6D are graphs illustrating a temperature distribution, 
as a function of time, generated by a urethral catheter in the method of the 
present invention. 

FIGS. 7A-7J are a pictorial representation of a series of cross 
5 sections of a prostate of a first patient treated according to the method of 
the present invention. 

FIGS. 8A-80 are a pictorial representation of a series of cross 
sections of a prostate of a second patient treated according to the method 
of the present invention. 
10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a vertical sectional view of a male pelvic region 

showing the effect benign prostatic hyperplasia (BPH) has on the urinary 

organs. Urethra 10 is a duct leading from bladder 12, through prostate 14 

and out orifice 16 of penis end 18. Benign tumorous tissue growth within 

IS prostate 14 around urethra 10 causes constriction 20 of urethra 10, which 

interrupts the flow of urine from bladder 12 to orifice 16. The tumorous 

tissue of prostate 14 which encroaches urethra 10 and causes constriction 20 

can be effectively removed by heating and necrosing the tumorous tissue. 

Ideally, with the present invention, only periurethral tumorous tissue of 

20 prostate 14 anterior and lateral to urethra 10 is heated and necrosed to 

avoid unnecessary and undesirous damage to urethra 10 and to adjacent 

healthy tissues, such as ejaculatory duct 24 and rectum 26. 

A. Catheter For Use in the Method 
of the Present Invention 

25 Selective heating of the benign tumorous BPH tissue of 

prostate 14 according to the method of the present invention is possible 

using a microwave antenna-containing catheter 28 such as the one disclosed 

in Rudie et al. U.S. Patent No. 5,413,588 issued on May 9, 1995 tiUed 

DEVICE FOR ASYMMETRICAL THERMAL THERAPY WITH 
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HEUCAL DIPOLE MICROWAVE ANTENNA and hereby incorporated 
by reference. While other urethral catheters can be used, catheter 28 of the 
Rudie ct al. U.S. Patent No. 5,413,588 is the preferred catheter for use in 
the method of the present invention. FIGS. 2 and 3 are provided to 
5 highlight the major features of catheter 28 of the Rudie et al. U.S. Patent 
5,413.588. 

FIG. 2 shows an enlarged sectional view of a proximal end of 
catheter 28, which generally includes multi-lumen shaft 32 and shaft position 
retention balloon 34. At its distal end, the multi-lumen shaft 32 cooperates 
10 with a manifold for connecting multi-lumen shaft 32 with a cooling system, 
microwave generating source, and thermosensing device. Multi-lumen shaft 
32 is a Foley-type urethral catheter shaft which is long enough to permit 
insertion of proximal shaft end 54 through urethra 10 and into bladder 12. 

15 As shown in FIG. 3, multi-lumen shaft 32 of catheter 28 

includes temperature sensing lumen 56, microwave antenna lumen 58, urine 
drainage lumen 60, balloon inflation lumen 62, cooling fluid intake lumens 
64A and 64B, and cooling fluid exhaust lumens 66A and 66B. 

Temperature sensing lumen 56 is positioned near first side 68 

20 of shaft 32 and permits insertion of thermometry sensor 69 (FIG. 2) within 
shaft 32 to monitor the temperature of surrounding tissue when shaft 32 is 
inserted within urethra 10. 

Microwave antenna lumen 58 is positioned closer to first side 
68 of shaft 32 than to second side 72 of shaft 32. Microwave antenna 74 is 

25 permanently positioned within microwave anteima lumen 58 near balloon 34 
to be generally situated adjacent the benign tumorous tissue of prostate 14 
when shaft 32 is properly positioned within urethra 10. Antenna 74 can be 
energized by the microwave generating source thereby causing antenna 74 
to emit electromagnetic energy which heats the tissue within prostate 14. 
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Urine drainage lumen 60 is positioned adjacent antenna lumen 
58, between antenna lumen 58 and second side 72 of shaft 32, and defines 
a drainage path for urine when proximal end 54 of shaft 32 is inserted within 
bladder 12. 

5 Balloon inflation limien 62 communicates with an inflation 

pon adjacent the distal end of the catheter 28 and with interior 86 of 
balloon 34. Balloon 34 is inflatable and deflatable and senres to retain shaft 
32 in a fixed position when balloon 34 is inflated within bladder 12 near 
bladder neck 22, as shown in FIG. 4. 

10 Cooling fluid intake lumens 64A, 64B are positioned 

circumjacent first side 68 of shaft 32, between first side 68 of shaft 32 and 
antenna lumen 58. Water contained within lumens 64A and 64B absorbs 
some of the microwave energy emitted by antenna 74. Water within lumens 
64A and 64B also absorbs heat energy generated by the microwave energy 

15 from adjacent tissues to prevent urethra 10 adjacent first side 68 fi-om being 
overheated and damaged when antenna 74 is energized. 

Cooling fluid exhaust lumens 66A and 66B are circumjacent 
second side 72 of shaft 32. Water within exhaust lumens 66A, 66B also 
absorbs heat energy from adjacent tissue (i.e., urethra 10) when antenna 74 

20 is energized, which prevents urethra 10 and rectum 26 adjacent second side 
72 from being overheated and damaged when antenna 74 is energized. 

FIG. 4 shows an enlarged view of the male pelvic region of 
FIG. 1 with catheter 28 properly positioned within urethra 10. Shaft 32 is 
positioned within urethra 10 with second side 72 of shaft 32 oriented toward 

25 rectum 26. Water exhaust lumens 66A and 66B are oriented posteriorly, 
toward rectum 26 and water intake lumens 64A and 64B are oriented 
anteriorly toward fibromuscular tissue 94 of prostate 14. The transition zone 
96, which is typically anterior and lateral to urethra 10, is the most frequent 
location of the tumorous tissue growth which causes BPH. Since water 
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exhaust lumens 66A and 66B are capable of absorbing more microwave 

energy than water intake lumens 64A and 64B, the radiation patterns 

created by microwave energy emitted from antenna 74 are asymmetrical. 

Thus» a relatively large volume of tissue enveloping the anterior portion of 

5 transition zone 96, adjacent first side 68 of shaft 32, is heated at a 

temperature above about 45°C, which effectively necroses the tumorous 

tissue of prostate 14 which encroaches upon urethra 10. 

B. A Method for Treating Prostatic 
Tissue Disease 

10 The method of transurethral thermal ablation therapy of the 

present invention includes the use of a microwave antenna containing 
catheter such as the just described catheter 28 of the Rudie et al Patent 
illustrated in FIGS. 2-4. A first step of the method includes inserting the 
urethral catheter into urethra 10 to position an energy producing source such 

IS as microwave antenna 74 within the catheter adjacent the prostate 14 
surrounding urethra 10, as illustrated in FIG. 4. 

With the catheter positioned within the urethra, a transurethral 
thermal ablation therapy procedure of the method of the present invention 
can begin. FIG. SA is a graph which generally demonstrates a transurethral 

20 thermal ablation therapy procedure substantially corresponding to the 
method of the present invention. However, the method of the present 
invention is not limited to the exact procedure shown in FIG. 5 A (or FIG, 
6A). Rather, the procedure shown in FIG. 5A is merely an example of an 
application of the method of the present invention and is being used for 

25 illustrative purposes to describe the method of the present invention. 

As shown in FIG. 5A, the x-axis represents a relative period 
of time over which the transurethral thermal ablation therapy procedure is 
performed. The y-axis represents temperature in degrees Celsius, with 
horizontal luxe H representing 45X (the temperature at or above which cells 
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are necrosed), and power expressed in Watts. line PO represents power 
applied to microwave antenna 74 (via coaxial cable 76)» line CA represents 
a temperature of the catheter measured by sensor 69» line CX> represents a 
temperature of the coolant within catheter 28, and line RE represents a 
S temperature of the rectum as measured by a rectal thermosensing unit. The 
power PO applied to microwave antenna 74 (at a proximal-most end of 
coaxial cable 76) is measured at a distal-most end of coaxial cable 76 of 
microwave antenna 74 adjacent fitting 73 (see FIG. 2A of the Rudie et al 
U.S. Patent No. 5,326.343). 

10 As generally shown in FIG. SA, the transurethral thermal 

ablation therapy procedure of the present invention includes four operating 
phases, 4>l-4>4. These phases include a first cooling phase ^1, a second 
power ramping phase 02, a third power maintenance phase 03, and a fourth 
power shutdown/cooling phase 4>4. 

IS During first phase <I>1, the urethra is cooled to a temperature 

below human body temperature by circulating coolant fluid within the 
catheter between the microwave antenna and the urethra. This cooling step 
includes using a cooling system in communication with catheter 28 to pump 
chilled water through cooling lumens 64A, 64B and 66A, 66B until the 

20 temperature of the coolant within lumens 64A,64B and 66A,66B is less than 
or equal to 10°C Line CO of the graph illustrates the drop in temperature 
of the coolant in phase 4>1 and line CA illustrates the corresponding drop 
in the temperature of the catheter (sensor 69 of catheter 28) in phase 4>1. 
First phase <I>1 results in a prechilling of the tissue immediately adjacent 

25 shaft 32 to prevent urethra 10 from being damaged by heat due to the 
relatively rapid application of power to microwave antenna 74 in the second 
phase 4>2 of the method. Cooling of the urethra with the catheter is 
maintained throughout the remaining steps of the method of the present 
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invention. However, if desired, the prechilling of urethra 10 in first phase 
4>1 can be onutted prior to the application of later steps of the method. 

A second phase 02 of the method of the present invention is 
a power ramping phase in which power is increasingly applied to n:ucrowave 
5 antenna 74 until predetermined criteria are met. line PO of the graph in 
FIG. 5A iUustrates the application of increasing power levels to microwave 
antenna 74. Applying power to microwave antenna 74 causes a microwave 
emission to be applied to the tissue of the prostate 14 thereby causing 
molecular excitation of the tissue. When the power level applied to 

10 microwave antenna becomes great enough to heat the tissue to at least 4S''C, 
and is applied for a sufficient period of time, this microwave emission will 
cause necrosis of the tissue within a distance affected by the microwave 
emission. In addition, when a catheter such as catheter 28 is used in the 
method of the present invention, a cylindrically asymmetrical microwave 

15 radiation pattern is applied to the prostate by microwave emission to 
preferentially heat a greater amount of tissue in the anterior and lateral 
portions of the prostate than a posterior portion of the prostate. 

in a first portion of power ramping phase 4>2, 10 watts of 
power at frequencies between 902 and 928 MHz is applied to microwave 

20 antenna 74 for about two minutes. Next, in a second portion of second 
phase 02, the power applied to microwave antenna 74 is increased in 5 Watt 
increments at two minute intervals until a first predetermined criteria is met. 
Finally, in a third portion of power ramping phase 02, the power applied to 
microwave antenna 74 is further increased in one watt increments at one 

25 minute intervals until a second predetermined criteria is met. 

The first predetermined criteria can include that at least one 
or more of the three following conditions exist: (1) the catheter temperature 
(i.e., thermal catheter sensor 69 within temperature sensing lumen 56) 
reaches a minimum temperature (e.g., 35''C); (2) power applied to 



wo 97/01374 



PCT/US96/10870 



.14- 

microwave antenna 74 reaches a minimum level (e.g., 35 Watts); or (3) the 
rectal temperature as measured by a rectal temperature sensing unit (RTU) 
reaches a minimum temperature (e.g 40*'C). The second predetermined 
criteria is that the catheter temperature is within TC of 4(fC. Once the 

S second predetermined criteria is met, the second phase of the method of the 
present invention is complete. Of course, if the second predetermined 
criteria is met after the application of power (in five watt increments) in the 
second portion of second phase <b2, then further increases of power in one 
watt increments in the third portion of the second phase need not be 

10 applied. 

Once the catheter temperature reaches 37*C during second 
phase 4>2, this point marks the beginning of therapeutically effective portion 
of the method of the present invention. Typically, the therapeutic portion 
of the procedure begins at the later stages of the second phase shortly after 

15 the first predetermined criteria have been met. 

In the specific procedure shown in FIG. 5A, the second phase 
of the method began at 10 minutes and ended at 27 minutes into the 
procedure. Power was increased in five watt increments several times 
between 12 minutes and 24 minutes of the procedure. This increasing 

20 application of power to the microwave antenna resulted in a corresponding 
increase in the catheter temperature illustrated by line CA. The therapeutic 
portion of this procedure began at about 27 minutes into the procedure 
when the catheter temperature reached about 37^C. At that point in the 
procedure, the power was increased only one time in a one watt increment 

25 since the catheter temperature was already rapidly rising and quickly 
reached 40°C without a further increase in power. Accordingly, the second 
phase <I>2 shown in FIG. 5A did not include an extended third portion of 
second phase 4>2 in which the power was increased several times in one watt 
increments after the first predetermined criteria were met. 
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The third phase of the method of the present invention 
includes maintaining the power level within a desired power range to 
maintain a Catheter temperature within TC of 4(f C to cause heating of 
prostatic tissue at temperature of at least 45''C Power levels applied to 

5 antenna 74 are adjusted, either up or down, in one watt increments every 
minute as necessary to maintain a continuous application of heat at 
necrosing temperatures (i.e., 45''C) to the prostatic tissue at distances of at 
least 2 centimeters from wall of the urethra. 

The third phase of the method of the present invention also 

10 includes maintaining the temperature of the rectum 26 adjacent the prostate 
14 below 42*'C. If during third phase *3, the reaal temperature reaches 
42'*C, then the power applied to microwave antenna 74 is not completely 
stopped but decreased at one minute intervals in one watt increments until 
the rectal temperature moves below 42''C. Once the rectal temperature is 

15 below 42**C, then the power appUed to microwave anteima 74 is increased 
in one watt increments as necessary to maintain the temperature of the 
catheter (sensor 69) within TC of 4(f C while still maintaining the rectal 
temperature below 42°C. 

In the specific procedure shown in FIG. 5A, phase <1>3 lasted 

20 about 50 minutes (i.e.. 27 to 78 minutes along x-axis). First, the power 
reached a peak of about 46-47 watts at the end of second phase The 
power was then adjusted according to the method of the present invention 
by decreasing the power in one watt increments five times at about one 
minute intervals (see 30-35 minutes on x-axis) in order to counteract a 

25 rapidly rising catheter temperature. Thereafter, the power applied to 
microwave antenna 74 was adjusted periodically to maintain the catheter 
temperature within TC of 40*C This continuous application of power to 
antenna 74 resulted in maintaining intraprostatic temperatures of at least 
45**C at distances of at least 2 centimeters from the wall of the urethra 
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(shown in FIGS. 5B-SD). As shown in FIG. 5A, despite the continuous 
application of power at necrosing levels to the microwave antenna 74, the 
rectal temperature (illustrated by line RE) only briefly rose above 4(f C 
during this application of the method of the present invention. 
5 While the third phase *3 of the procedure shown in FIG. 5A 

lasted about 50 minutes, the method of the present invention is not limited 
to an application of microwave energy of 45 to 50 minutes. Rather, the 
present invention is based on the recognition that necrosis of prostatic 
tissues depends on a time and temperature relationship. Accordingly, if 

10 relatively higher temperatures (e.g., 80°C) can be produced in the 
intraprostatic tissue, then the time period for which microwave energy is 
applied can likely be reduced to a time period less than 45 to 50 minutes 
while still successfully achieving uniform, deep necrosis of diseased prostatic 
tissue and preserving the urethra. 

15 The fourth phase <C>4 of the method of the present invention 

is a power shutdown/cooling phase. In this phase, the power applied to 
microwave antenna 74 is discontinued and cooling of the urethra is 
maintained after discontinuing power. In particular, power applied to 
microwave antenna 74 is reduced to zero watts and coolant flow through 

20 cooling lumens 64A,64B and 66A,66B is maintained at S^C for about ten 
minutes (following the power level reaching zero watts) to cool urethra 10 
and reduce edema resulting from the application of heat to the periurethral 
tissues of prostate 14. 

In the specific procedure shown in FIG. 5A, fourth phase 

25 began after about 50 minutes of the therapeutic portion of third phase 4^3. 
During fourth phase 4>4, the catheter temperature (line CA) dropped 
immediately from about 40^C to a temperature below 15^C thereby cooling 
urethra 10 about catheter shaft 32. likewise, during fourth phase 44, the 
rectal temperature (line RE) dropped from about 38''C to about IS^'C, 
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thereby cooling the rectum 26 after third phase a>3. This cooling step 

completes the fourth phase and the method of the present invention. 

C The Method of the Present Invention 
Applied to BPH Patients 

5 The method of the present invention using catheter 28 was 

employed in a study in Mendoza, Argentina in December 1993 on 10 
patients according to a protocol established by the assignee of the present 
application, Urologix, Inc, of Plymouth, Minnesota. Further details about 
the study are available from Urologix, Inc. A temperature distribution 

10 profile and histological report for two patients from that study is provided 
below. This information demonstrates the effectiveness of treating BPH 
with the method of the present invention, and in particular demonstrates the 
ability of the method to produce necrosing intraprostatic temperatures of at 
least 4S''C at distances of at least 2 centimeters from the urethra (e.g., the 

15 wall of the urethra in contact with catheter shaft 32). This information also 
demonstrates the ability of the method to produce uniform necrosis within 
the prostate at distances of at least 1.8 centimeters from the wall of the 
urethra. 

1. A Temperature Profile of Prostate Tissue Treated 
20 According to the Method of the Present Invention 

FIGS. 5A-SD and 6A-6D are a series of graphs which generally 

demonstrate a transurethral thermal ablation therapy procedure and a 

temperature distribution generated by catheter 28 of the Rudie et al. U.S. 

Patent 5,413,588 within prostate 10 according to a method of the present 

25 invention. FIGS. 5A-5D correspond to the treatment of a first patient 

(Patient 30 of the study) and FIGS. 6A-6D correspond to the treatment of 

a second patient (Patient 35 of the study). 

a. FIGS.5A-SD Patient 30 

FIGS. 5C-5D illustrate a temperature distribution, as a 
30 function of time, in a prostate of Patient 30. This temperature distribution 
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was generated by the use of catheter 28 in the previously described 
transurethral thermal ablation therapy procedure of the method of the 
present invention illustrated in FIG. 5A. 

FIG. SB illustrates a map identifying the location of 
5 temperature sensors located within the prostate of Patient 30 during 
treatment by the method of the present invention. The sensors were placed 
according to an interstitial mapping method substantially corresponding to 
the method referenced in Larson et al., Accurate Prostatic Thermal Mapp in g 
in 11 Patients Treated With The Urologfac T3 System: Understanding the 

10 Decay of Temperatures. 11th World Congress on Endourology, Florence, 
Italy, October 20-23, 1993. 

Eleven sensors were aligned at fixed distances adjacent 
urethra 10. Sensor PIA was positioned about 20 mm from shaft 32, laterally 
and slightly anterior to shaft 32; sensor PIB was positioned about 9 mm 

IS from shaft 32 laterally from shaft 32 on a side of the prostate opposite 
sensor PlA; sensor PIC was positioned about 7 mm from urethra 10, 
posteriorly of the urethra 10; and sensor PID was not in use (FIG. 5C). 
Sensors P2A-P2D were positioned about 13 mm from shaft 32, lateral to 
urethra 10 and spaced longitudinally from each other by 1 cm to extend 

20 substantially vertically within the prostate along a length of the microwave 
antenna. Sensors P3A-P3D were positioned about 8 mm from shaft 32, 
lateral to urethra 10 and spaced longitudinally from each other by 0.5 cm to 
extend substantially vertically within the prostate along a length of the 
microwave antenna. 

25 FIG. 5C illustrates temperatures measured within the prostate 

of Patient 30 by sensors P1A*P1C and P2A-P2D. At the beginning of the 
therapeutic portion of the procedure (about 27 nunutes on x-axis), sensors 
PIA-PIC and P2A-P2D measured intraprostatic temperatures above 45''Q 
which were maintained through the end of third phase 4>3. In particular. 
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sensor PIA which was positioned 20 mm from the urethra, measm-ed a 
temperature of over 45*'C substantially continuously for the length of the 
therapeutic session, about at least 45 minutes. 

FIG. 5D illustrates temperatures measured within the prostate 
of Patient 30 by sensors P3A-P3D. The beginning of the therapeutic portion 
of the procedure (about 27 minutes on x-axis), sensors P3A-P3D measured 
intraprostatic temperatures about 45^C which were maintained through the 
end of the third phase 4>3. Sensors PSA and P3C measured temperatures 
of near 80^C which were maintained for up to 30 minutes during the 
therapeutic portion of the method in third phase 4»3. Sensor P3B reached 
a temperature of over BQPC about 43 minutes into the procedure, resulting 
a display default of (fC due to a limitation of the data display software. 

b. FIGS. 6A>6D Patient 

FIGS. 6C-6D illustrate a temperature distribution, as a 
function of time, in a prostate of Patient 35. This temperature distribution 
was generated by the use of catheter 28 in a transurethral thermal ablation 
therapy procedure of the method of the present invention illustrated in FIG. 
6A. 

FIG. 6A illustrates a microwave thermal therapy procedure of 
the present invention similar to that previously described with respect to 
FIG. 5A. First phase begins at 1 minute and extends until about 8 
minutes. Second phase <t>2 extends from 8 minutes into the procedure to 
about 28 minutes, at which time, the catheter temperature (line CA) reaches 
about 40°C. Third phase *3 extends from about 28 minutes to about 78 
minutes along x-axis. The therapeutic portion of the method begins about 
20 minutes into the procedure at which time the catheter temperature is 
about 3TC. Beginning at about 28 minutes into the procedure, the catheter 
temperature (line CA) is maintained at or slightly above 4(fC through the 
end of phase 4>3. 
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FIG. 6B illustrates a map identifying the location of 
temperature sensors located within the prostate of Patient 35 during 
treatment by the method of the present invention. Mtiltiple sensors were 
aligned at fixed distances adjacent urethra 10. Sensors PIA-PID were 
5 positioned about 6 nun from shaft 32, lateral and anterior to urethra 10 and 
spaced longitudinally from each other by 1.0 cm to extend within the 
prostate along a length of the microwave antenna; sensors P2A-P2D were 
positioned about 12 mm from shaft 32, lateral and anterior to urethra 10 on 
a side of the prostate opposite the sensors PIA-PID and spaced 

10 longitudinally from each other by 1.0 cm to extend within the prostate along 
a length of the microwave antenna; sensor P3 A was positioned about 18 nun 
from shaft 32 on a right side of the patient lateral to and slightly anterior of 
urethra 10; sensor P3B was positioned about 15 mm from shaft 32 lateral to 
an anterior of urethra 10, being more anterior relative to sensor P3A; sensor 

15 P3C was positioned about 20 mm from shaft 32 directly anterior from 
urethra 10; sensor P3D was positioned about 18 mm from shaft 32 lateral to 
and slightly anterior of urethra 10 on a side of the prostate opposite sensors 
P3A and P3B. 

FIG. 6C illustrates temperatures measured within the prostate 
20 of patient 35 by sensors P1A-P2D. FIG. 6C illustrates that almost all of the 
sensors P1A-P2D, except sensors P2A and P2D measured intraprostatic 
temperatures above 45°C which were maintained through the end of third 
phase 4>3. At the beginning of the therapeutic portion of the procedure 
(about 20 minutes on x-axis), sensors PlA-PlD and P2B,P2C measured a 
25 temperatiu-e within the prostate of over 45**C which was maintained 
throughout the duration of the therapeutic portion of the procedure (through 
78 minutes). 

FIG. 6D illustrates temperatures measured within the prostate 
of Patient 35 by sensors P3A.P3D. At the beginning of the therapeutic 
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portion of the procedure (about 20 minutes on x-axis), sensor P3C measured 
intraprostatic temperatures above 4S''C (at least S(fC) which were 
maintained through the end of the third phase <I>3, lasting the duration of 
the therapeutic portion of the procedure (through 78 minutes). A peak 
5 temperature of about 65*^C was measured by sensor P3C. However, 
temperatures measured by sensors P3A, P3B and P3D never rose above 
4S''C during the third phase 03. 

d. Summary 

FIGS. 5A-SD and 6A-6D illustrate that the method of the 

10 present invention, which includes the continuous application of power to a 
microwave antenna within a desired range to maintain the catheter 
temperature TC within 40**C and a rectal temperature below 42°C, results 
in intraprostatic temperatures of at least 45®C continuously for over 45 
minutes at distances of up to 2 centimeters from the urethra. 

15 Moreover, FIGS. 5A, 5C-5D highlight the unique features of 

transurethral thermal ablation therapy of the method of the present 
invention. In transurethral thermal ablation therapy, prostatic tissues can be 
simultaneously heated to high necrosing temperatures (up to 80°C) at 
distances (e.g., about 0.8 centimeters) relatively close to the wall of the 

20 urethra (see FIG. 5D illustrating temperatures at sensor P3A-F3D) while 
preserving the urethra, and heated to lower necrosing temperatures of at 
least 45''C at distances of at least 2 centimeters from the wall of the urethra 
(see FIG. 5C illustrating temperatures at sensor PIA). Producing 
temperatures as high as 80^C within the prostate relatively close to the 

25 urethra (while preserving the urethra) is an important factor m achieving 
necrosing temperatures at distances of up to and/or at least 2 centimeters 
from the urethra in light of the well established exponential decay of 
elevated intraprostatic temperatures (generated by microwave energy) 
outwardly throughout the prostate relative to the urethra. 
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A significant factor in achieving transurethral thermal ablation 
therai^ instead of achieving conventional microwave thermal therapy is 
maintaining continuous application of microwave energy (i.e., without 
substantial interruption), for a sufficient time period and in a power range 
5 to continuously maintain necrosing temperatures at desired distances. 
Without maintaining a substantially continuous application of microwave 
energy (by continuous application of power to the microwave antenna), a 
transurethral thermal ablation therapy temperature profile in intraprostatic 
tissue cannot be achieved (using microwave energy applied by a microwave 
10 antenna located within the urethra). 

2. Pathology Reports 

FIGS. 7A-8I represent a series of cross-sections of prostates 
harvested from Patients 30 and 35 of the study to illustrate the relative 
degree of necrosis of the prostate after treatment according to a method of 
15 the present invention. 

a, EalifillLiQ 

FIGS. 7A-7J illustrate a series of sketches of cross-sections of 
a prostate harvested from Patient 30 by prostatoseminovesiculectomy some 
time after treatment under the method of the present invention (illustrated 

20 by the procedure in FIG. 5A). The pathologic report on this prostate was 
rendered by David Bostwick, M.D. of Mayo Clinic in Rochester, Minnesota. 
This pathologic report included the sketches of FIGS. 7A-7J and a written 
description of the observations made of the actual prostate cross sections 
represented by the sketches of FIGS. 7A-7J. 

25 FIGS 7A-7J are sketches illustrating the relative area of 

necrosed tissue within the prostate of Patient 30. Reference numerals have 
been added to the sketches to identify the urethra 10, the prostate 14, 
necrosed tissue 100 and nonnecrosed tissue 102. According to this report, 
and as illustrated in FIGS. 7A-7J, there was extensive non-inflammatoiy 
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hemorrhagic necrosis involving virtually the entire prostate. The urethral 
mucosa was largely preserved, although there were areas of mechanical 
disruption. The remaining urothelium, seen in 10-20% of the lining showed 
prominent squamous metaplasia without keratinization. Tliere was a 
5 submucosal rim of uninvolved tissue measuring about 1 mm beneath the 
urothelium. Extending in some areas out to near the edge of the prostate, 
there was hemorrhagic necrosis with "ghost-like** silhouettes of pre-existing 
nodules of nodular hyperplasia and benign prostatic glands. There was no 
significant shrinkage of the prostate, but many of the glands were distorted 

10 and destroyed. In some areas, only sheets of red blood cells were observed. 
The glands at the edge showed varying degrees of squamous metaplasia and 
basal cell hyperplasia, usually with red blood cells in the lumens. The area 
of necrosis involved the entire transition zone and all of the nodules of 
nodular hyperplasia, as well as the majority of the peripheral zone. The 

IS pure stromal nodules showed less evidence of thermal destruction than the 
mixed epithelial-stromal nodules, but this observation may not be valid given 
the increased cellularity invariably observed in stromal nodules. No residual 
or recurrent adenocarcinoma was seen, and there were no thromboemboli 
in the specimen. The ejaculatory ducts were involved focally in the 

20 hemorrhagic necrosis, with lumenal red blood cells, a finding mirrored in the 
sections of the seminal vesicles which showed some lumenal dilatation and 
filling with red cells. 

As reported by Dr. Bostwick, the area of hemorrhagic necrosis 
extended 1.8 cm in greatest dimension from the urethra. The periprostatic 

25 soft tissues were uninvolved indicating that the thermal injury is limited to 
the prostate. 

b, Patignt 3g; 

FIGS. 8A-80 illustrate a series of sketches of cross-sections of 
a prostate harvested from Patient 35 by a prostatic adenectomy some time 
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after treatment under the method of the present invention (illustrated by the 
procedure in FIG. 6A). The pathologic report on this prostate was rendered 
by David Bostwick M.D. of Mayo Oinic in Rochester, Minnesota. This 
pathologic report included the sketches of FIGS. 8A-80 and a written 
5 description of the observations made of the actual prostate cross sections 
represented by the sketches in FIGS. 8A-80. 

FIGS 8A-80 are sketches illustrating the relative area of 
necrosed tissue within the prostate of Patient 35. Reference numerals have 
been added to the sketches to identify the urethra 10, the prostate 14, 

10 necrosed tissue 100 and nonnecrosed tissue 102. According to this report, 
and as illustrated in FIGS. 8A*80, there was hemorrhagic necrosis with a 
minor component of acute and chronic inflammation. At the periphery, the 
glands showed reactive metaplastic changes and re-epithelialization with 
basal cell hyperplasia. Large parts of the stroma showed nodules with ghosts 

IS of glands indicating complete devitalization. Interestingly, most of the 
urethral lining was preserved with a 1 mm rim of viable tissue, although 
parts of the epithelium were denuded. 

^, Summary 

These pathology reports demonstrate that the transurethral 
20 thermal ablation therapy method of the present invention produces uniform 
necrosis of intraprostatic tissues at distances of at least 1.8 centimeters from 
the urethra (e.g., Patient 30) while also preventing necrosis of the urethra 
(e.g., Patients 30 and 35). The sketches in FIG. 7A-7J, particularly, 
demonstrate a symmetrical shape and generally constant radius of the 
25 necrosed tissue in most cross sections of the prostate. 

CONCLUSION 
The transurethral thermal ablation therapy method of the 
present invention produces uniform necrosis within prostatic tissues at 
distances of at least 1.8 to 2.0 centimeters from the urethra. This necrosis 
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is achieved by maintaining the continuous application of microwave energy 
within a power range and for a time period sufficient to generate 
intraprostatic temperatures of at least 45''C at distances of at least 2 
centimeters from the wall of the urethra. This relatively deep, imiform 
S necrosis of intraprostatic tissues encompasses and completely necroses the 
tumorous tissue within prostates of patients with BPH (or other prostatic 
diseases) while also preserving the urethra and rectum. In addition, this 
result can be achieved while focusing more microwave energy and heat to 
anterior and lateral portions of the prostate (where most tumorous BPH 

10 tissue is located) than posterior portions of the prostate. This preferential 
heating pattern focuses the necrosis onto tumorous tissue while preserving 
healthy prostatic tissues and surrounding tissues. Ultimately, the method of 
the present invention will result in more BPH patients having successful 
treatment performed in a one hour therapy session. 

15 While the beneficial uses of the microwave antenna-containing 

catheter of the present invention have been described with respect to the 
urethra, other intracavitary applications are implied. In addition, the 
method of the present invention can be applied for treating prostatic tissue 
diseases other than benign prostatic hyperplasia, such as cancer. 

20 Although the present invention has been described with 

reference to preferred embodiments, workers skilled in the art will recognize 
that changes may be made in form and detail without departing from the 
spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A method for treating an individual with prostatic tissue 

disease, the method comprising: 

inserting a catheter within a urethra to position a microwave 
5 antenna located within the catheter adjacent to a prostate 

surrounding the urethra; 
heating tissue within the prostate with microwave energy from 
the microwave antenna to temperatures of at least 4S^C at 
a distance of at least 2 centimeters from a wall of the 
10 urethra within the tissue while cooling the urethra. 



15 



20 



25 



2. 

comprises: 



3. 

comprises: 



The method of claim 1 wherein the producing step further 

providing a greater amount of cooling between a posterior 
portion of the prostate and the microwave antenna than 
between an anterior portion of the prostate and the 
microwave antenna to produce an asynunetrical radiation 
pattern with the microwave energy to apply more 
microwave energy on an anterior and lateral portion of the 
prostate than a posterior portion of the prostate. 

The method of claim 2 wherein the producing step further 

locating the microwave antenna within catheter nearer a first 
side of the catheter than a second side of the catheter, the 
first side of the catheter to be positioned adjacent the 
anterior and lateral portions of the prostate and the 
second side of the catheter to be positioned adjacent the 
posterior portion of the prostate. 
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4. A method for treating an individual with prostatic tissue 
disease, the method comprising: 

inserting a catheter within a urethra to position a microwave 
antenna located within the catheter adjacent to a prostate 
S surrounding the urethra; 

circulating a fluid within the catheter to cool the urethra; and 
applying power to the microwave antenna continuously within 
a power range and for a time period sufficient to cause 
necrosis of tissue within the prostate at a distance of at 
10 least 2.0 centimeters from the urethra while preventing 

necrosis of the urethra by cooling the urethra during the 
application of power. 

5. A method for treating an individual with prostatic tissue 
disease, the method comprising: 

IS inserting a catheter within a urethra to position a microwave 

antenna located within the catheter adjacent to a prostate 
surrounding the urethra; 
cooling the urethra with the catheter; 
applying power in increasing levels to the microwave antenna 
20 until predetermined criteria are met while continuing to 

cool the urethra; 
maintaining power applied to the microwave antenna within 
a desired range which causes heating within the prostate 
to a temperature of at least 4S''C at a distance of up to 2 
25 centuneters from the urethra for a time sufGcient to 

necrose prostatic tissue while continuing to cool the 
lu-ethra to prevent necrosis of the urethra; and 
cooling the urethra after discontinuing power. 
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6. The method of claim 5 wherein the predetermined criteria are 
met when at least one of the following conditions exist: (1) the catheter 
tenqperature reaches a first minimum temperature; (2) a temperature of the 
rectum reaches a second minimum temperature; and (3) the power applied 

5 to the microwave antenna reaches a minimum power level. 

7. The method of claim 6 wherein the first minimiUDi temperature 
is SS^'Q the second minimum temperature is 4(f Q and the minimum power 
level is 35 Watts. 

8. The method of daim 6 wherein the predetermined criteria 
10 further includes the catheter temperature reaching a temperature within V*C 

of 40°C and the step of maintaining power further comprises maintaining the 
power level within the desired range to maintain a temperature of the 
rectum below 42^C. 

9. The method of claim 8 wherein maintaining the power level 
IS further comprises: 

decreasing the power level in increments of 1 watt per minute 
if the rectal temperature reaches 42°C until the rectal 
temperature is below 42*^C; and 
increasing the power level in increments of one watt per 
20 minute after the rectal temperature returns to a 

temperature below 42''C until the catheter temperature is 
within rCof 40''C 

10. The method of claim 5 wherein in the step of maintaining 
power, the desired power range is selected to cause the catheter temperature 

25 to be maintained at some determined temperature level within TC of 4(fC. 

11. The method of claim 10 wherein the power is maintained 
within the desired range by adjusting the power level in one watt inaements 
per minute. 
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12. The method of claim 5 wherein the step of applying increasing 
power levels further comprises: 

applying a power level of ten watts for two minutes and then 
increasing the power level in increments of S watts every 
5 2 minutes until the predetermined criteria are met; and 

increasing the power level in increments of 1 watt per minute 
after the predetermined criteria are met imtil the catheter 
temperature is within TC of 4(fC. 

13. The method of claim 5 wherein the first step of cooling the 
10 urethra further comprises: 

circulating a fluid between the microwave anteima and the 
urethra at temperature of l(fC or less for up to 10 
minutes prior to the step of applying power. 

14. The method of claim 5 wherein the steps of applying power 
IS and maintaining power further comprise: 

applying a drive signal in the range of approximately 902 to 
928 MHz to the microwave antenna to apply a microwave 
emission to the portion of the prostate surrounding the 
catheter. 

20 15. A device for treating prostatic tissue disease comprising: 

a catheter insertable into a urethra including: 

an electromagnetic energy source carried by the catheter 
and adapted for positioning adjacent a prostate 
surrounding the urethra; 
25 a cooling system carried by the catheter for cooling the 

urethra; 

wherein the energy source ' and cooling system are 
configured and arranged so that the energy 
source is capable of producing temperatures of 
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at least 45 C at a distance of at least 2 
centimeters from a wall of the urethra while the 
cooling system cools the urethra. 
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